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ABSTRACT

In vitro propagation techniques were applied foe tlnass propagation of economically important pl@atamus
travancoricus Bedd.ex. Becc. & Hk.f. For callugluction, the explants were cultured on MS mediugnsanted
with different auxins separately. The study shib@ie4-D (10mg/ml) is effective to induce callusThe calli were
subcultured on MS medium with various concentratiaf cytokinins for shoot formation. The medium
supplemented with BAP (5mg/l) showed better regpoRise medium supplemented with1.0mg/l of @&s found
suitable to culture microshoots for elongation. eTih vitro shoots thus obtained were successfolbted in %2 MS
medium supplemented with IBA (1.5mg/l) and NAA (regparately. The rooted plantlets were transéerto the
field after acclimatization. Synthetic seeds waepared.

Key words: Calamus callus, organogenesis, multiple shoots, synttsste.

Abbreviations: BAP - 6-Benzyl amino purineGAs; - Gibberellic acid;IBA - Indole-3-butyric acid2,4-D - 2,4-
Dichlorophenoxy acetic acidNAA - d-Naphthalene acetic acidKn - Kinetin; MS - Murashige and Skoog'’s
medium

INTRODUCTION

The tissue culture work of Monocots is less knowmew compared to that of Dicots. This is especiallg with
reference to the family Arecaceae, commonly cdlfedPalm family. The Arecaceae are a large famitin about
212 genera and 3000 species [1]. In the familycAceae, the gen@alamus(commonly called cane or rattan) is
considered economically very important. Rattares extensively used for making furniture, fancy des etc.
Rattan products play an important role in the eauinoactivity of many countries. In South East Asiais
estimated that over 5 million peoples are involuedattan industry. The annual global revenue edseUS $ 6.7
billion. This cottage industry is highly labour-émsive and hence acts as a good employment gener&attans
are also used in Ayurvedic system of medicine fming various diseases like Cough, Edema, Herpahdies,
Rabies etc [2]Calamusoil extracted from the roots contains palmiticdadgso-eugenol, calamine, calamol, etc. and
is used in perfumery and for flavouring liquors.eTitipe fruit pulp ofC. floribundusis edible and is a dyspepsiac.
The tender shoots df. erectus C. floribundusand C. latifolius are eaten as vegetable and also as a cure for
stomach ulcer and muscular sprain [3].

Calamusis a paleotropical genus with about 370 specisfridited throughout the world [4]. They are muinl
found in the tropical rain forests and constituteirstegral part of the tropical forest ecosystein.Karnataka, 14
species of rattans have been recorded of whicte8&iep are endemic [5, 6]. In Karnataka, rattarsdastributed in
tropical wet evergreen forests and semi-evergreendist deciduous forests of Western Ghats fronoatraea level
to 1500m altitude with rainfall ranging from 15006®mm. Rattans are perennials, generally clusteregh
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climbing spiny palms. They are dioecious, flowgris annual and pleonanthic. In most of the speofelndian
rattans, the flowering is generally starts betw@etober-January and fruits mature between AprilkeJun

Over exploitation and deforestation from the past lecades have resulted in a drastic depletioattzin resources
in Karnataka. Calamus rheediformerly reported in these forests could not Hecated in a past 10 decades.
Probably this species is extinct or may be on thg te extinction [2]. The Red data book has alyeadrned about
Calamus nagbettaiA few species likeCalamus dransfieldii, C. karnatakensis, C. laksha&gnC. prasinus, C.
stoloniferus, C. travancoricus, C. vattayileave decreased in their abundance in our foresithough C.
hugelianusis reported in 3 districts of Karnataka, now a ddyss becoming rare in the Karnataka forests.dé&in
such circumstances, it is necessary to consenregeem plasm. Despite this, it is surprising thegnes have not
much attracted any studies. This may be becaudkedf spiny character, inaccessibility and thdiclifties in
collecting flowers and fruits in forests at greaidhts [2].

Earlier literature on their tissue culture of Areeae shows that much work needs to be done. COfaly avorkers
have been able to do some tissue culture of a fmeias of palms. The tissue culture of thousandspeties of
palms has remained uninvestigated. This is edpesiawith reference to the rattans, there is Jéthe scientific

information with reference to their tissue cult(ive8,9,10,11,12,13,14,15] These works have estadishat it is
possible to propagate rattan through tissue cultuiherefore, active research is needed to uratetsthe tissue
culture behaviour of these interesting climbersaee some of them from extinction.

In nature, rattans are generally propagated byss@dw main problem in this method of propagatsprioduction
of quality seeds. Because rattans are dioeciohgnva fruiting female plant is extracted the suppiyseed is
affected. Seed viability and germinability are loMost seeds do not germinate if stored for long this has also
in a way led to the scarcity of planting material.

It is in this background that tissue culture muidigtion of rattan gains importance as an alteweatnethod for
propagation. In view of the above, to fill the gapour knowledge on the tissue culture of Rattdhs, present
studies were undertaken.

MATERIALS AND METHODS

The materials for the present investigation inethdcabbage leaf, mature fruits and terminal budiqrorof C.
travancoricus (Fig.1A), were collected from Makutta (Kodagu district) fdregeas in the Western Ghats of
Karnataka.

Collection of embryo

The scaly pericarp and the fleshy sarcotesta ofiradtuits are first removed to obtain the hardise@he seeds are
washed in water and then with 0.1% Tween-20 fozdhminutes, followed by washing in 10% chloroxdbout 10
minutes. The seeds are then washed several timst®iile distilled water to remove all traces bfocine. The
embryo is located in a cavity immediately below tiperculum. The embryo is taken out carefully byjoging the
endosperm tissues around it.

Collection of collar region from seedlings

The collar region was collected framvitro germinated seedlings from seeds on MS medium withiamt growth
regulators. The radicle was cut off along with @ndéwo outer-layers of sheath and the top parhoéi-sheath and
the collar was collected.

Collection of terminal bud

Terminal buds of rattan are deeply located at tamgip. Bud explants were collected with sheatid @ segment
of 40-60 cm from the tip was cut to ensure theusidn of terminal bud. Cabbage-leaves were aldoded in bud
explant.

Sterilization of explants
The explants were thoroughly washed under tap wateriased with 0.1% Tween—20 detergent for 5-10 n@sut
followed by washing under running tap water for2lbminutes. The explants were then treated witBo(Bavistin
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solution for 2-3 minutes followed by washing 3-théis with sterile distilled water. They were thezated with
0.1% mercuric chloride solution for 3-5 minutes aim$ed thrice in sterile distilled water.

Synthetic seed preparation

The sterilized explants were blotted to drynessaosterile filter paper. Explants were then mixaddifferent
concentrations of sodium alginate gel (2-7%) pre@an full strength MS basal medium supplementeth \BP6
sucrose. After thorough mixing, the explants wstewly dropped into a sterile solution of CaCRHO
(1.369/150ml), allowed to form beads and were neiin this complexing agent for %2 hr. The enchgted
explants were thoroughly rinsed 3-4 times withildvlS liquid medium to remove traces of CaCIThe alginate
beads were then collected and transferred to estiltiér paper placed in petridishes. Blot driezhtls were stored
for 6-12 months at’4C

Culture media

The sterilized explants were cultured on Murashégel Skoog (MS) [16], B[17] and White's [18] media
containing different concentration and combinatiohguxins and cytokinins. The result obtainedw® medium
with slight modification was better than other needsed. For all the experiments, MS medium supptged with
3% sucrose was used. For callus induction the uneds supplemented with NAA (0.5-4.5mg/l), IBA (6%
mg/l) and 2, 4-D (1.0-11.0mg/l) separately. Fopbahinduction, the callus obtained from each explaas
separated in to smaller units and sub-culturedoothe medium supplemented with BAP (1.0-6.0mg/IN (0.5-
6.0mg/l) and in combination of BAP & KN (1.0-3.00:2-1.0mg/l) separately. Microshoots obtained anious
medium compositions were transferred to shoot elbag medium comprising MS medium supplemented with
GA;(0.5-2.0mg/l). For root induction, the mature sisoaf 2cm height were separated and cultured innM8ium
supplemented with IBA (0.1-2.0mg/l) and NAA (0.Dthg/l) separately. The pH of the medium was stéji to
5.8 followed by the addition of 0.8% agar befor¢oalaving. The medium was melted and dispensdd aulture
tubes and bottles followed by autoclaving at 15fpsil5-20 minutes at 121°C. The culture tubes laottles were
maintained in the culture room at 27 + 2 °C undéiO&al2hr photoperiod. The illumination was prowddgy cool
white fluorescent bulbs with the light intensitygang from 1000 to 1500 Lux.

Acclimatization

For hardening, thén vitro rooted plants were transferred to pots containiearle-clay soil-farm yard manure
(3:6:1 by volume). The soil mixture was moistendth reduced concentration of (half concentratiohMS salts
and vitamins. Initially high humidity was maintaih by covering the pots with polythene bags. Afitey weeks,
polythene bags were removed and they were expasetligly to sunlight for their acclimatization. @hwere
finally transferred to pots containing garden soil.

Statistical Analysis

Five replicates were used per treatment and tHeeesperiment was repeated thrice to confirm #sults. The
data for frequency of caulogenesis, multiple shodtiction and root induction for all the explantera recorded
after 4-6 weeks of culture. The standard erras walculated for each mean and it was furtheestdajl to analysis
of variance.

RESULTS AND DISCUSSION

Experiments were aimed at obtainingvitro plantlets from various explants Galamus travancoricusAmong the
explants tried such as young shoot buds, cabbayede collar region from seedlings and embryo,|after two
explants i.e., collar region from seedlings and gmlwere found to be good for initiation of callaad multiple
shoots in MS medium. As in other palms the brogri tissue during the early period of incubatioasvheavy
and autocatalytic. To minimise the browning problerarious methods were tried. Addition of charc@alcorbic
acid, polyvinylpyrrolidone, cysteine and maintaginoultures in darkness was not effective. The naffgctive
method was frequent subculture. The explants waresterred every alternate day to fresh mediunmfore than
one week to avoid browning of tissue.

For callus induction, the explants were culturedw® medium augmented with NAA (4mg/l), IBA (5mgéhd 2,
4-D (10mg/I-Table 1) separately. In all the cases callusdtido was observed but the percentage of caulogenes
frequency was varied. In the media supplementéid MAA maximum caulogenesis frequency observed 6226.
The IBA supplemented media showed 63%. Like wise, 4-D augmented media the frequency of caulegisn
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observed was and 91% (Table 1). The study clestitywed that, 2, 4-D is highly effective to inducalus
efficiency in the presently investigated specieafamus Calli were initiated within 15-20 days of inoatibn
(Fig.1B). The period involved for complete devetgmt of callus was 30-40 day<alli could not be initiated in
the medium without growth regulators. In an iditrevestigation Umali-Garcia [8] examined 11 spsaCalamus
and two of Daemonoropd.he explants used were from the shoot apex regiabb@age). In three species of
Calamusthe explants developed callus which subsequentlg gise to shoots. These were isolated and roated i
different medium to obtain complete plantlets. Gre tother hand Padmanabhan and Krishnan [19] and
Padmanabhan and Sudhersan [20] only obtained asase in size of the leaf explants and formatioa efrinkled
mass of laminate tissue which they termed as ‘laidinRao [21] reported role of different concetima of auxins
and cytokinins in then vitro propagation of different species Galamus. Attempts have been made to study
growth and development of various explants of rettander aseptic conditions. Yusuff and Manokd&2]
cultured the root and shoot tips Galamus manan.They obtained the friable callus that became nodaital
opaque, and embryogenesis was observed. Chuthamak [23] obtained normal seedlings from immature
embryos ofC. mananon MS and Y3 media. Dekkers and Rao [13] cuttembryos ofC. trachycoleuon MS
medium. After 8 weeks of inoculation, the collagion was covered with callus and green shoots.

The calli were subcultured on MS medium with vasiczoncentrations of cytokinins for shoot formatidine
duration for proliferation after subculture was #5-days The medium supplemented with BAP alone (5mg/l)
showed better response i.e., 82-87%. The numbgnaits produced was 4-5 and the shoot lengthd/énoen 1.7-
2.0cm (Table 2). The medium augmented with Kinelitne (4mg/l) induced 2-3 shoots, the mean shaugth
observed was 1.4-1.65cm and the shoot inducingnsgpwas about 65% (Table 3). The callus alsoretspwell

to MS medium supplemented with BAP and Kinetin @mbination (3+0.5mg/l). These cultures later gase to
3-4 shoots per culture (Table 4). It was obsetheadl 3-5mg/l BAP alone was better for both shoottiplication as
well as shoot elongation for the presently investtg species dfalamus Kinetin alone was not much effective for
shoot multiplication but in combination with BAP igh gave better result (Table 2, 3 & 4). Eeuweddq feported
that when immature embryos Gfalamus manarmwere cultured on MS and Y3 media, these were ablgrow
into complete plantlets. Barlet al [9] cultured the embryos dfalamus manillensiand obtained shoots. These
could be excised and rooted to obtain completetleisn Gunawan & Yani [11] cultured embryos ©&lamus
mananon MS media. The embryo was induced to produckicavhich subsequently could differentiate several
plantlets. The plantlets were separated and tramsf¢éo soil and then to the field. Yusoff [12]cseeded in
inducing multiple shoots from the collar regiontbé&in vitro raised seedlings daalamus manaon MS + BAP or
Kn (10 to 10 * M). The multiple shoot structure could be subdididad subcultured onto a medium with a lower
cytokinin concentration. The rooted plantlets wanbsequently transferred to soil.

Thein vitro produced shoots were exposed to MS medium fortifighl various concentrations of GAor further
elongation. After 4 weeks, medium supplementettiMimg/l of GA was found suitable to culture microshoots for
elongation. This appropriate medium compositiohagted the microshoots to grow up to 2.7 cm inHteigth
84.3-88.3% of shoot elongation response in theeptgsinvestigated species Galamus Lower concentration of
GA; (0.5mg/l) caused slight elongation of microshoofBhere was no significant elongation of microsisoat
higher concentration of GA2mg/l) (Table 5). The same has been reporteddng Bingshan [25] in different
species of rattans.

The elongated shoots were transferred to 1/2MS unediontaining auxins for rooting at various concatins.
Rooting was observed in ¥2 MS medium augmented Migh(1.5mg/l) and NAA (1mg/l) separately (Table 6 &
(Fig. 1C). The shoots of 2-2.5cm long were foumdb¢ suitable for the purpose of rooting. Rootsenwebserved
after 28 days of inoculation. Rooted plantletsagrar solidified media were removed and subjectedifferent
modes of hardening and acclimatization and finalfgnsferred to the soil. Pioneering work on cane
micropropagation has been done in Philippines amathiia. Complete plantlet regeneration throughsisbently
reproducible protocols has been reportedfamanillensis C. mananandC. rotang[3]. The same has been studied
by Zeng Binghsan [25] in different species of nasta

Synthetic seeds were prepared for conservatioreofiglasm using different explants with differenhcentration

of sodium alginate (Fig. 1D). Of the different centrations of sodium alginate used, an optimalérchange
between Naand C&" produced firm, clear beads at3% sodium algindistisa The beads were too soft to handle
a lower concentrations of sodium alginate, buteheas lesser percentage of hyperhydricity. Howeter beads
were too hard at higher concentrations, which dmlashoot emergence.
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The present study clearly showed that, the regéngrpotential of different explants &. travancoricus. Of the
explants used, the embryo and collar region of Isegxd gave better result when compared to terminal and
cabbage leaves. The rate of callus induction eeskein embryo and collar region of seedlings wa88% and 72-
78% respectively. Like wise, the rate of shootuicttbn observed in case of embryo and collar regibseedling
was 96-98% and 92-95% respectively.

Table 1. Effect of NAA, IBA and 2, 4-D in MS medim on callus induction inC.travancoricus

NAA (mg/l) | Caulogenisis frequency(% | IBA (mg/l) | Caulogenisis frequency(% | 2,4D(mg/l) | Caulogenisis frequency(%
Contro 00 Contro 0C Contro
0.5 8 0.5 10 1.0 13
1.0 12 1.0 11 2.0 18
15 20 15 13 3.0 26
2.0 35 2.0 18 4.0 35
2t 42 2.t 21 5.C 41
3.C 51 3.C 26 6.C 54
35 54 35 32 7.0 60
4.0 62 4.0 38 8.0 65
4.5 51 9.0 74
45 49 5.0 63 10.0 91
5.5 41 11.0 63

Table 4. Effect of BAP & Kinetin combination in MS medium on shoot induction inC.travancoricus

Table 2. Effect of BAP in MS medium on shoot induébn in C. travancoricus

BAP (mg/l) | Response (%)| Mean shoot number  Mean shbkength (cm)
Control 00 00 00
1.C 24.7+0.41 0.8 +0.0¢ 0.12+0.0%
1t 26.0+0.2 1.9 +0.3¢ 0.49+ 0.04
2.0 38.7+0.37 2.4 £0.51 0.96 £ 0.01
2.5 41.3+0.78 3.3+0.33 15+0.14
3.0 45.0+04 3.8+0.65 1.56 +0.55
3.5 52.5+0.84 3.6+0.17 1.49+0.13
4.C 63.1+ 0.2¢ 4.3+ 0.44 1.66+ 0.24
4.5 69.4+0.€ 4.6+ 0.9¢ 1.72+ 0.2
5.0 86.8+1.5 51+1.1 1.99+0.12
5.5 59.5+0.73 3.2+0.6 1.43+0.24
6.0 34.3+0.98 1.9+0.09 0.98 + 0.06

Table 3. Effect of Kinetin in MS medium on shoot imluction in C. travancoricus

Kinetin (mg/l) | Response (%) | Mean shoot number| Meashoot length (cm)
Control 00 00 00
1.0 18.3+0.14 0.76 +0.09 0.2+0.01
2.0 29.5 +0.52 1.27 +0.1 0.47 +£0.07
3.0 51.01+0.26 21+0.26 0.83 +0.04
4.0 63.2+ 0.6 3.0£0.06 1.65+0.04
5.0 36.2 £0.23 19+0.11 1.1+0.14
6.0 16.24 +0.32 0.63 + 0.08 0.33 £ 0.06

BAP + Kientin (mg/l) | Response (%)| Mean shoot numberl Mean shoot length (cm)

Control 00 00 00

1.0+ 0.2 13.3+0.08 0.2 +0.01 0.1+0.02
1.0+ 0.5 22.1+0.1 0.7 £0.04 0.3+0.01
1.0+ 1.0 21.3+0.2 0.7 £0.05 0.25+0.02
2.0+0.2 41.4+0.23 1.1+0.21 0.4 +0.08
2.0+05 49.3 +£0.33 1.7+0.1 0.7 £0.05
2.0+1.0 51.2+0.16 2.3+0.21 1.1+0.09
3.0+0.2 68.1+0.25 29+04 0.23+0.12
3.0+0.5 74.3 £0.91 3.7+0.21 1.66 £0.07
3.0+1.0 55.0+0.31 18+0.2 0.8+0.15
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Table 5. Effect of Gibberellic acid (GA) on elongation of microshoots o€. travancoricus cultured on MS medium

GAs(mg/l) | Shoot elongation (%) | Mean shoot length (inr)
Control 17.2+0.3 0.7+ 0.11
0.£ 65.1+0.1 1.38+0.3
1.0 88.3+0.33 2.7+ 0.4
15 65.2+0.27 1.62+0.2
2.0 31.2+0.14 1.0 +0.09

Table 6. Effect of IBA in %2 MS medium on rooting ofin vitro shoot ofC. travancoricus

IBA(mg/l) | Response (%) | Mean root number | Mean rooténgth (cm)
Control 00 00 00
0.1 18.6 +0.09 2.1 +£0.02 0.66 +0.02
0.5 37.2+0.11 4.8 £0.24 1.1 +0.04
1.0 55.1+0.2 8.6 +0.29 1.94 +0.03
15 88.1+0.3 154 +0.14 2.91 +0.05
2.0 40.2+0.4 5.7+0.21 1.12 +0.03

Fig. 1 A-D » A, Calamustravancoricis. B, Shows

appearance of callux.

C. Invitrorooting of

microshoots. I Shows explants encapsulatedin 3%
sodum al@nate solution.
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Table 7. Effect of NAA in %2 MS medium on rooting ofn vitro shoot of C. travancoricus

NAA(mg/l) | Response (%) | Mean root number| Mean rooténgth (cm)
Control 00 00 00
0.1 28.6 + 0.09 3.1 +£0.02 0.68 +0.02
0.5 47.2+0.12 7.8 £0.04 1.19 +0.04
1.0 85.1+0.24 13.6 +0.29 2.84 +0.04
1.5 48.1 £ 0.31 54 +0.14 1.29 + 0.05

Acknowledgements

The financial assistance of University Grants Cogsioin (UGC), New Delhi is gratefully acknowledgedhe
authors are thankful to Prof. C.K. Renukarya, DisecPooja Bhagavat Memorial Mahajana Post GradGatare,
Mysore for providing necessary facilities to caotyt the research work.

REFERENCES

[1] Takhtajan A, Systema MagnoliophytorynNauka Publication, Moscow987, pp 1-439.

[2] Lakshmana ACRattans of South IndjaEvergreen Publishers, Bangaldt@93 pp 178.

[3] Birkumar Singh H, Puni L, Alka Jain, Singh R0 PGCurrent Science2004 87,1, 90-94.

[4] Uhl NW, Dransfield JGenera Palmarum dnternational Palm Society Press, Kansas, U5287.

[5] Hajra PK, Sharma BD, Sanjappa M, Sastry ARKyra of India-Introductory volume (Part-IBotanical Survey
of India, Calcuttal996.

[6] Krishna Kumar HN, Ramaswamy SNhdian Forester2004 130, 2, 224-230.

[7] Patena LF, Mercado MMS, Barba Rehilippines Journal of Crop Sciend®84 9, 217-218.

[8] Umali-Garcia M,Proceedings of the Rattan Semink®85 pp 23-32.

[9] Barba RC, Patena LJ, Mercado MM, Lorico L,Stis culture of rattan (CalanmanillensisH. Wendl),
Paper presented at the Second Natl Symp On Tissligr€of Rattan, Universiti Pertanian Malaysiags.

[10] Yusoff AM, Jung SU, Paranjothy K, Tissue cu# of Calamus mananPaper presented at the Symposium
Tisu Tumbuhan Kebangsaan Kell dan Bengkel KultusuTGetah Antarabangsa, Serdang, Universiti Pemani
Malaysia,1985

[11] Gunawan LW, Yani SA, Proceedings of the Vtemmational Congress of Plant Tissue and Cell Celtu
Minneapolis, USA1986 pp 282.

[12] Yusoff AM, Proceedings of the Seminar on TisLCulture of Forest Specid989 pp 45-49.

[13] Dekkers AJ, Rao AN, Proceedings of the Bamon Tissue Culture of Forest Sped&89 pp 63-68.

[14] Zhuang Fanggilsorest Researgll993 6, 5, 486-492.

[15] Chen Zzhiying, Fankun, Li Ying, Chen Sanyamyang Jinyu, A study on rattan conservation in Yamn
Collected Research Papers on the Tropical Botdxy, Yunnan University Press, Kunming, Yunndm®98 pp 62-
68.

[16] Murashige T, Skoog RPhysiology Plant1962 15, 473-479.

[17] Gamborg OL, Miller RA, Ojima KExperimental Cell Resech, 1968 50, 151-158.

[18] White PRGrowth1963 7, 53-65.

[19] Padmanabhan D, Krishnan P, Proceedings oftdminar on Tissue Culture of Forest Specié89 pp 50-
62.

[20] Padmanabhan D, Sundhersan C, Recent ReseaiRhttans, 1989 pp 148-151.

[21] Rao AN, A review of research on rattan, Rattan taxonomy, Ecology, Silviculture, ConservatiGenetic
Improvement and Biotechnology,997, pp 15-40.

[22] Yusoff AM, Manokaran N, Proceedings of thett@a Seminarl 985 pp 13-22.

[23] Chuthamas P, Prutpong P, Vongkaluang |, Wawat S, Recent Research on Rattari®989 pp 144 - 147.
[24] Eeuwens CRhysiology Plantd976 36, 23-28.

[25] Zeng BingshanJournal of Central South Forestry University997 17, 4, 563-569.

179
Pelagia Research Library



